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Towards More Effective Teaching and Learning: 
What "Can Research in the "Brain Sciences CQntribute? 

I. SUMMARY : 

Recant advances in research in the brain sciences the study of the 
human brain have been dramatic. At the same tlmi^ speculation In the 
popular literature has often been Qverly-drMatic, Many educators, seeking 
implications of brain research for educational policy, are understandably 
confused. 

On the one hand, there is renewed interest among educatorSp policy 
makers, teachers and parents in what brain research, or -'neurophysiology", has 
to say about such diverse issues as Tearning disabilities, creativity, the 
impact of improper nutrition on behavior and learning, differences in learning 
modes between males and females, the use of imagery in teaching, and improve- 
ments in the teaching of art/ These latter areas have received widespread 
attention through research work known as "cerebral lateralization" or more 
popularly, "left/right brain" studies, 

On^the other hand, many of those intimately familiar with neurophysiology 
are warning caution. There is general disagreement on the strengths and 
weaknesses of the linkages between brain research and educational policy. 
Some claim that a strong causal link between "brain and mind'- will never be 
established. Others find the correlations strong enough to warrant new policy 
decisions, especially regarding nutrition in schools. Most agree, however, 
that rigorous, well-designed experiments that clarify linkages between brain 
research and education warrant further attention and Increased support. 

Probably the most important conclusion: more educators need to become 
cognizant at least of the fundamentals of the brain sciences to better assess 
which, if any. Implications for educational policy are justified. / 
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II, Overview : 

Linking Brain Research to Educational Policy: Pitfalls or Promise? 

There is a growing sentiment among those responslbli for educational 
policy that the vast nLmbar of studies of the neurophysiology of the brain 
or research in the brain sciences niay hold far-reaGhing implications 
for educators in the 1980s and beyond* At stake is the intriguiny possi-^ 
bility that properly formulated interrelationships between brain sciences 
and educational sciences (especially cognitive psychology) might allow us^ 
in Howard Gardner's phrases "to grasp the brass-ring secret" of learning. The 
more this possibility is questioned by many researchers^ (also by Gardner 
himself), the more Intrigued many policy rnakers sem to become* ^ 

Several recent works by authoritative researchers are linking brain 
research to education* The book entitled The Brain and Education (1978) edited 
by Jeanne Chall (Harvard) and Allan Mirsky (Boston University, now NIH) is one 
example. Merlin Wittrock's work at UCLA, The Brain and Psychology (1980) and 
"Learning and the Brain" (1980) s another* Equally significant work by 
people such as Marcel Kinsbourne, JosephBogen — and John Eccles, a Nobel 
Laureate lend weight and substance to the importance of brain research for 
education and especially for educational policy. At the same time^ many 
doubts and unanswered questions remain. 

Most edOcational policy makers have difficulty in sorting out just what 
is .important and relevant for them in the brain sciences* To many who have had 
no prior experience with neurophysiology and this includes the vast majority 

• ■- *-< 
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in iducatlon brain rasearch may give a diCiptively unifisd appeirance of 
being a field with a single, apparently straight forward aim: to describe the 
organization of the brain. To those familiar with the field, however, the 
competing schOQls, aims, and diyirgent hypotheses add levels of complexity 
that render the notion of Unking brain sciences to education too broad and 
general to be meaningfuU Which aspect of brain sciences* and which sectors 
of education? 

In this report, we describe some current research that links selected 
aspects of brain research to selected issues In education. These issue areas 
include the relationship between neurophysiology and cognition; the implica- 
tions of cerebral lateralization for creativity^ Imagery, and art education; 
sex differences in brain functioning; nutrition and learning; new methods in 
analyzing learning disabilities; and implications for a newly emerging concept 
of "holistic education 

In all of these selected areas, there are at least three questions that 
educational policy makers should explore: 

- What are those who understand neurophysiology actually saying 
that 1s relevant to cognitive psychology and education? 



- Are the linkages between brain research and education 
strong enough yet as a basis for influencing education- 
al pol icy, or 



- Are they at least promising enough that anyone ^ 
concerned with educational policy should be cognizant 
of their potential impact and stimulated by their 
far-reaching implications? 

/ 



1 
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III. Who's Doing What? Some Selected Research Projects 

In the pages that follow, we describe the work of selected research- 
ers who, in our opinion, are dealing with key issues in this field. Most 
of these people are well-known; some are younger schol ars at the beginning 
of their careers. While we cannot endorse every implication for educational 
practice that these particular researchers draw from their research work, 
all of them are carefully addressing issues that have the potential to exert 
significant influence on American educational policy in the igsOs and beyond. 
Because the literature and research on neurophysiology and cognition has 
become so vast over 500,000 articles in medical and educational journals - 
the present report must necessarily omit description of many excellent ef- 
forts. However, throughout the report and in its appendix, readers are 
referred to other sources that may be consulted for additional particulars. 



The Teaching of Art and the Study of Left/Right 3ra1n Different iat ion 



Work of: Betty Edwards 

900 Arroyo . Drive 

South Pasadena, CaK 91030 

California State University 

Long Beach^ Cal . 

Tel I 213-498-4111 ' 



Betty Edwards, author of the book entitled Drawing on the Right Side 
of the Brain ^'^ teaches drawing at the California State University, Long Beach, 
Her book is being widely used in the teaching of art and is undoubtedly the 
best known work having to do with left/right hemispheric differentiation 
of the brain. Her techniques are successful, according to many art teachers. 

What Edwards has done is to use left/right hemispheric differentiation to 
explain her highly successful educational techniques as a teacher of art. 
Marilyn Ferguson offers a concise summary of Edwards* methods and rationale as 
follows: 

"Although some of these techniques were stumbled upon by 
artists over the years, no one was sure how and why they worked. 
Other methods in this book were discovered or devised by Edwards^ 
first as she explored the * shift' she experienced when drawing and 
later when she learned about split-brain research demonstrating the 
brain's capacity for dual consciousness. When she learned that the 
left hemisphere was verbal and analytical, the right spatial and 
holistic, she realized why she was essential Ty unable to speak while 
doing demonstration drawings before classes. 

Her techniques, developed over the past decade, serve to turn 
off the over-active left hemisphere. The left brain interferes with 
perception because of its simplistic certainty that if it can name 
and categorize something, it need not look carefully* 

The ability to draw depends upon the right hemisphere's ability \ 
to see ril ationships : angTeSi lines^ curvest patterns of light and 
darkness* 



*Betty EdwardSj Drawing on the Right Side of the Brain , Los Angeles, J, P. 
Tarcher, 1979* " " " . 
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Anong the techniques to confound the left hemisphere: 

• Drawing upside-down. This ktips the' novice artist from 
■ Identifi'ing the parts baing copied and therefore perceDtion is more 
direct. (Forgers often copy signatures upside-down so" their own 
bias does not interfere with the actual form of the original 
letters.) 

■ Drawing edges and contours. These are too diffuse or complex 
to interest the left hemisphere. They are un-nameable. " 

I Drawing negative space — that is, looking at the area 
around objects and drawing that shape rather than focusinq on the 
objects themselves."* 

A close reading of Edwards' book yields a subtle and important point. 
She developed her methods out of her own empirical practice led by her 
own intuitions about what might work and her own critical observation about 
wnat-does work. This 1s the way most fine teachers develop their personal 
methods. Only later'did she become cognizant of work In brain research and 
discover that the left/right model provided a clarifying fationale for her 
met4iods. Most reviews of her work miss this point, although Edwards herself 
makes it. This may lead some readers to assume that Edwards developed her 
techniques as an application of the left/right model, which Is not the case. 

This distinction is important because It implies that, in this case, 
research played more of a secondary rationalizing role than a primary one or 
Initiating or stimulating new practices. Until other learning strategies as 
brilliant as Edwards' are developed by starting with the left/right model and 
applying it to practice, one lesson tn be drawn is that the creativity of 
teachers does more to inspire new curricular developments than does the work 
of researchers. 



♦Marilyn Ferguson, "Tricks for Drawing on the Right Side of the Brain" 
The Srain/MInd Bulletin . Los Angeles, Ca., Vol. 4, no.- 16, July 2, 1979. ' 
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Neverthelsss, what is most important about Edwards' work lies In her 
making the connection between what works in the classroom and why, according 
to neurophysiological research. In making this connection she has providid us 
with a claar example of the relivance of neurophysiological thiory to educa- 
tional practice in the teaching of drawing. 



i 
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Linking Brain Srowth and Mental Deve lopment 

Work of: Professor Herman Epstein 
Oepartmint of Biology 
Brandeis Univsrsity 
Waltham, Mass, 
Til: 617-647-2750 

Epstein^ a biologist and neurophysiolog ist at Brandeis who has studied 
the implications of his work for education^ has found that the human brain 
undergoes spurts in growth and complexity during five age periods: 3-10 
months, ^and 2-4, 6-8, 10»12, and 14-16 years. About 85% of all children fit 
this pattern. 

While the first growth spurt is an increase in size, the other four 
manifest themselves as a substantial increase in the complexity of the neural- 
networks. Functionally, this should correspond to an increased ability for 
ccr^plex thinking processes* Experimental data exist to* support these bio- 
logical inferences, according to Epstein. 

What adds promise to Epstein-s findings is his claim that his brain 
growth stages^correspond to Piaget-s data on intelligence development, Ptaget 
postulated four main stages of development:* 0-1 (motor stage) , age 2 
(sensor im^tor) , 6-7 (concrete operations), and 10-11 (formal operations 
stage). Dr.^ Pat Arlin^ an educational psychologist from Vancouver, has 
gathered evidence of significant additional development during ages 14-16 - a 
r-^^nding which corrresponds to Epstein's data. The Department of Education 
sponsored a seminar In August^ 1979, that allowed Epstein, Arlin and others to 



*These ages represent the earliest ages that some individuals begin to 
move from one stage to the next, A substantial portion of adults never reach 
the final steps. , ' ^ 

J • , 
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sxplore these rel itlonships . 

Thus brain growth periods may turn out to be a biological basis of the 
Piaget stagis. What implications can one derive by using this knowledne of 
the existence of correlated spurts in brain growth with mental functioning? 
Epstain has soma intriguing hypothesis: 

The matching of Instruction to the thinking levels of children would seem 
to be the first task of any 'educational strategy, especially at the juninr 
high school level. This is because children around ages 12-14 show a hiatus 
in brain growth. The data riveal that only a small minority of children can 
experience any change in cognitive level during this period indeed that 
some 75% of children will sit through three consecutive years unable to handle 
material presented at the level of formal reasoning. Since most junior high 
school material uses thfs level , nearly three-fourths of the children are 
p^bably "turned off" by it, ' . 

What Epstein recommends is to concentrate during this period on affective 
and psychomotor skills rather than on introduction of novel intellectual 
processes. This would necessitate schools developing instructional materials 
that depart from most commercially published programs that invariably intro- 
duce new cognitive information. Thus Epstein argues that middle schcol 
programs should 

"a) discontinue the mass introduction of novel cognitive skills to 
middle grades students who do not have such^ read iness; b) present 
new cognitive ^materi al at the existing skill level of students; and 
c) work to mature existing cognitive skills of middle grades learners*" 

Further, Epstein recommends that ''the middle school programs must 

be restructured to include a large component of experience and proctice 

of skills within opportunities for interaction with .nature, sociaty, and 



people* This will requiri transposing a substantial portion of the mlddli 
school experience outside the walls of the school," This could be done through 
community service projects^ nursing homes, day care centers, and natural 
resource recT^ation projects ^ 

Epstein's work also leads him to consider implications for programs 
like Head Start (which he feels occurs at the wrong age period) and for gifted 
children, 30% of whom do not manifest formal operations at age 14. According 
td^Epstein^ "This' is not surprising^ since IQ 1s related mainly to speed of 
learning^ while cognitive level Is related to sty^e of learning; Thus we are \ 
led to predict that close to ?0%'6f high IQ children should be subject to the 
'turn-off phenomenon."-. 

Epstein and his associates have carried out several test prografiiSi 
initially in some Poughkeepsie schools^ and most recently In Lexington, 
Mass;, where he and Dr. Arlin have devtloped and administered courses to. 
teachers to sensitize them to different cognitive levels and to show them how 
to. apply these concepts to mdccn curricular materials to a child's state of 
development.. , ^ ■ ' 



Some References: Herman T* Epstein and Conrad Toepfer^ Jr., 
" v "Basis, for Reorganizing 'Middle Grades Education" 

Educational Leadership , May,/ 19781 

"Summary Report of Seminar on Cognitive Level s"i 
conference held in Washington^ August 9 = 1,1, 1979 

"Brain Growth and Cognitive Functioning" ^ Colorado 
JournaT of Educational. Rasa arch . Vol 3-4^ 1979 
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Guided Imagery and the Teaching of Foreign Languages 

Uork of: Dr. Bevirly Galyean ^ ■ 

.Conf 1 uent Education Co ngu 1 1 ant . = 

-^^^^ ^ ahd' tducatlonar Ris^ " 

Los Angeles Unified School District 
Los Angeles, Cal . 
Tel: 213-625-6089 

Beverly Galyean^. an education consultant specializing 1n confluent/ 
holistic learning model s, with particular e^iphasis on their application to 
foreign language instruction, has developed viable teacher training and, 
currlcul urn model s that are now being piloted in Los Angelis City Schools, 
Teachers are trained to use a variety of affective, emotive, intuitive, and . 
nonlinear learning activities such as guided imagery, v isual izatlon, med ita- 
tion, body movement, p^j^chokinet ic art, mus.ic> drma, and fantasy/ dreSn/ESP 
activities to help children master basic skills and traditionaT subject 
matter. Empirical results from these projects show that the thildren (elemen 
tary" to high school , '"gifted" to "low achieving") taught via these affective 
nonlinear methods tend, to score higher on tests of basic skills than do / 
students taught primarily through linear verbal/analytical modes. 

According to Galyean, the students achieve more not- only eognltively but 
show impressive gains in behavioral norms as well, High^school students 
decrease negative classroom behaviors when they meditate and engage in guided 
imagery activities on a daily basis with their teacher. Elem'entary children 
d_^'emonstrate a more rapid readiness to begin working on basic skill material 
after > experiencing meditative and guided imagery activities. Hyperactive 
children calm quickly when exposed , to guided body movement and centering/ 
breathing/meditative actiV'ities. And in several instances teachers report 
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acciliratid learning of computational skills and reading material following 
imagery activities, 

Galyean^s work is influencad by the backgrourid of her doctoral studies in 
Confluent Education^ during which time she was preparid in the following 
counselling strategies:^ Gestaltj encounter group, human relations, psychosyn- 
thesis^ values awareness, transpersonal identif icat ion and Rogerian counsel- 
ing. I She also links this to brain/mind theory and neurophysiological re- 
search, including hemispheric lateralization* It should be noted that, unlike 
Betty EdwardSs the connection she draws between 1 ateral iiation and her work is 
not clearly demonstrable. Rather it has to do with employment oT M,v.,itaT 
imagery as a powerful learning tdo] and. respect for a diversity of cognitive 
stylet in- Ind iv idual learners, 

Galyean's work has generated important empirical results which show tht ' 
desirability of using ^a mix of traditionar and non-traditional approaches in 
one conjoint learning procedure. . 

For example. In a recent foreign language teaching experiment which she 
conceived and directed in Los Angeles, students benefitted dranatically 
from this conjoint learning /procedure/ As reported by the Brain/Mind Bulle- 
tin , this program for seventh to eleventh graders - 

?^jncluded guided imageryi movement and art therapy, fantasy, , poetry, 
drama, music, values clarification and healing arts- 

"A related project improved the English and Spanish of Chlqano . 
children'', kindergarten through third grade, , ' 

"Using a variety of introspective conversational activities, students 
generated their own study programs. They established what , they -wanted to 
learn and prac'^ 1ce, Beverly Galyean, project devel oper , told Brain/Mind 
Bui let in , "The teachers apply a self-awareness type of language activity 
to the regular text lesson. For exmple, when students practice the 
past/imperfect tense, they close their eyes, breathe deeply and take=^an 



the ir^ eyis , dr 
experienced." 



imaginary journey to somi significant event in the past. Then they open 



aw and write in the foreign language about what they 



Another ixample of the use of emotions in heightening a lesson; 



When learning 
with ' because 



to use the French verb aimer (to love) in clauses beginning 

- students close their eyes and imagini themselves in the 

presence of five persons they love. The students are asRed to tell these 

people why they love them. Finally, they draw the loved ones and write 



captions in t 



ie foreign 1 anguage." 



What makes this work most impressive is that students performed^ on the 
whole, almost twice as well^ as comparison groups. on speaking and writing ^ 
tests* In addition "many of the junior and senior high students reported 



positive changes 
trate in school * "i 



n ".their personaT lives as well as their ability to concen- 




*."Conf Tusnt. Teiching Doubles Languagf Test Scores", Brain/Mind Bulletin , 
Los Angeles, Ca.-, VqK 5, no. 10, April 7, 1980, ' ■ "~ " . 



Aphasia, Use of Symbols, and Impl icat ions' for Art Education 

Work of: Dr. Howard Gandner i 

; Harvard Graduate School of Education 

; Longftnow Hall ! 

,! Cambridge, Mass. 02138 I 

; Tel: 617-495;-4342 " \ 



It is perhaps paraioxical that those who can" say little -- patients 
^sutfenng from' "aphasi a" , or the loss of certain language abilities --may 
;'ti.ll us more than most/ about brain and mind, according to Howard Gardner who ^ 
studies brain functions of aphasic patients at Veterans Hospital in Boston .and 
who also conducts research at Harvard_^ oh art educatidn and the deyel op,-nent of 
artistic skills. / " : 

, After ye aVs of working with patients who have suffered da-nage to right 
and left hemisph^eres' oT theiKbrain,* Gardner, is skeptical of o'versimpl if ii 
dichotomies that,, assign, ^ for exwi^li, ,jl ing skills to the left side of 

the brain and aesthetic abii itiej-'^o the right. In a recent test , of 74 
right-handed, brai^n-damaged s^^bjects, ;he concluded with a "'Wouble di ssoci a- ■ • 
■tipn": that is, fan ^/intact Veft, hemisphere does not of itserfs ensure adequate 
comprehension of /al 1 Hinguistic messages" and "an intact right^b^rtiisphere does 
not guarantee adequate^ aesthetic, sens.itivity. "** These conc^Tu-sions resulted 
, from giving -a series of tests ■requiring subjects "to rslate metaphoric sen- i 
tences with a picture that "went best" with a particular sehtence. . ,' 



/While Gardner uses rigorous methods in such research, even he notes 



*Work conducted at Bostdn Veterans Adrnin istratian- Hospital , Aphasia. 
Research center, Jamaica Plain; and pepartment;Of''N''euroTogy, .Boston Universi- 
ty,!' School of Medicine, Boston, Mass. ' " 

♦♦■^he Comprehension of Metaphor in BraJn-Damaged Patients" in'^Brain- 
197:7. \.. ...... , \- > . -'^ ■ " 
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thiextreme difficulty of accounting for the large number of variables //in- 
volved, \In the risearch cited above, for example, he separated suboeets into 



grdups of patients with lesions on the right hemisphere^ left hemisphere, left 

■ ^ ' II 

anterior, and left posterior plus a demented and a control group, Qther 



factors such as precise site or size of lesion could not be taken into ac- 
count, Exper1m"ental limitations such as these and others have led Gardner to 

/ 

/remark that one explanation as plausible as many in today's^opular literature 

is that the left brain handles "the famil 1 an,", while the right brain deals with 

■■'">■ 'I 

"the unfamiliar". His article on "What We Know (and Don 'tV Know) About the Two 
Halves of the Brain" is an excellent statement of caut ion^ in this field, 

Gardner's work at Harvard as director of Project lero* focuses on the 
systematic study of art education and reflects a growing sophistication In 
relating brain and mjnd to language and other forms of expression. In longi- 
tudinal studies of nine, children starting at age onei Gardner follows the - 
development of seven different "famlTles" of symbol use: language, symbolic 
play^ numbers, mus1c^ dance and movement^ two-dimensional representation 
(drawing and mapping) , and three-dimensional: representation (clay and block\ 
building). He critiques PI ageA * s^of k as giving "scant consideration to the 
thought /processes used by artists, witers, musicians, athletes, [and] equallj^ 
I'ittle Information about processes of -Intuition, creatlvjtyj or novel ..tHlnk- ■ 
ing",**v^ "\ _ ' ' ,/ • ^ 

The work .at Project Zero is nearing a phase of attempting to ipply the 



*The, nme refers to the amount ^of kriowledge considered available about 
art education when the prdjeci began* , . . 



**"DevelopmentaT-'Psycholagy After Pi aget". Human Development , 1979. 



/ 

/ 

/ 



insights gained from 1/ts new framaworks and experimental results to ongoing/ 
problems in art educatron by working with schooISi museums, children's tele- 

' ' ■ ^ - ■ ■ , . / 

visions, and other agencies. Implications for present-day art education are 
.^far-reaching and have .already;had "considerable impact on American thinking 

about artistic education", according to. The Washington Post (April 27, 1980). 

■ ' ' ' ' ■ / ■ 

For example, Gardner feels 1t is wrong for 'schools to isolate artistic Skills 
from, 1 ingui St ic ones and to label the;, arts nonbasic to education*^ The^ crea- 
tion. and. appreciation of art can be aided by good^ teaching, without which the 
whole world of art will remain beyond the reach of most children* -.-Gardner 
also^ takes a controversial position that there is a djualltative and^quant ita- 
tive decline in children's drawing abi 1 ities .around age 7, a fact^gnqred in 
classroom practice. ^ r / 

Howard -Gardner ^ s provocative, systematic research is beihg /turther 
^.pVified via a new project that seeks to provoke/new thinking y4bout "human 
potential". Sponsored by the Van Leer Foundation with a g^ani\to Harvard and 
directed by Dr. HarolB Lasker^ the "hpan potentials project') is likely to 



provide a/ test for some of Gardner^ s hypotheses during the coming 3-4 years 



Some References: The Shattered Mind: The Person After/Brain Damage , 

/ ■ Knopf, New' York, 1975/^ " j " 

/ ; The Arts and Human Davelbpment , Wiley, New York, 1973 ■ 

= / s - --.^ ----- - y-^ ^ : \ 

/ ' "What We Know:(and Don't Know) About the Two Halves 

. ^ of the Rrain", -Harvard Magazine , c/mbridgej> Aprils 1978- 



with Suzanne Hamby, "The Role of ^thM Right Hemisphere 
in the Appreherision of Complex -L^ngui stic Materials" 
forthcoming . . ^ ' 
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Cerebral Lateralization and, Cognitive Develcpment 



Work of: 



and 



Marcel Klnsbourne, M.D. 
Departrnent of Neurology 
Massachusetts General Hospital 
Boston^ Mass. 

Research Unitj Shriver Center 
Walthain, Mass. 
Tel: 517-893-3500 



Kinsbourne is most notable for his interest in left/right later ial ization 
as it affects learning disabilities. His article with Merrill Hiscock enti- 
tled '^Cerebral Lateralization and Cognitive, Development"* provides an e^cel- ' 
lent and comprehensive review of the literature on this subject. Kinsbourne's 
interest 4n€he multidimensional relationships among child development, 
cognitive growth and ^devel opment , neurology and Teaming disabnities reflects 
his training, as a pediatrician and child psychologist who has developed 
expertise in' neurology for the purpose of clarifying issues in children's 
learning and psychology. . . ' 

His particular research interests reflect this interdisciplinary orien- 
tation. His work focuses on 1 anguage di^sabil it1e& in children (he has written 
a book entitjed Language Development and Neurological Theory^ *) and on. atten- 
tional problems and autism (both of which may^have important neurological 
connect ionsO , - ' 

Recently he has turned his attention to the role . nutrition plays in this 
of issues. For example,! in the March. 1980 issue of Science , he coauthored 



\ *From- Jeanne Chall and (Allan Mir sky (edsj Education and the Brain , ' 
University of Chicago Press, \1978.. , . ■ ~ /'^ ^\ ~ " r 

'^Marcel Kinsfeourne Languggt Djevelopment and Neurological Theory , 1977 
Academic Press* 



/an article on the relationships of food dyes to hyperactivity,* 
/ ■ His work orl left/right lateralization is contained in his book entitled 
Asymetrical Functioning of the Brain .** 



*James M. Swanson and Marcel Kinsbourne^ "Food. Dyes Impair Per'formance^ 
of Hyperactive Children on a Laboratory Liarntng Test", Scie'nce ^ Vol, 207-5 
no^, 28, March 1980^^ V " i ^ ^ N 

**Cambridgi University Prefs, 1978, ' , 
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Sex Differences in Hemispheric Asymmetry 



Work of: Susan Leigh Star^ 

Dtpartment of Sociology 
University of Cal Ifornia, San Francisco 
. 4249 24th Street 

San FranciscOs Cal* 94114 
Tel: 415-641-4478 



Susan Star i| a young feminist scholar whose work/on sex differences 
^ In hemispheric asymmetry has been published 1n several books edited by 
Ruth Hubbard, Professor of Biology at Harvard, Hubbard, who is foremost 
among feminist scholars concerrfed with the ways in which science views 
wonenp considers Star to be the most articulate and accurarte feminist 
critic. of the left/rights brain research in; particular, and sexist biases 
the literature on the psychology of consciousness .in general.* 
With care and balance in "her research, Star shows the difficulties 
Inherent in broad claims that' males ar.e more closely associated with 'left 
braih functioning and females with right brain functioning. Such claims, 
ft)r Example would imply that men, are more verbally skilled than women, 
which is contrary to the results of standardizid tests. - 



*Susan Leigh Star', "Feminism and the Psychology of Consciousness," 
Science/Technology and the Humanities , Fall 1979, Vol. 2, no. 3, pp.. 
303-308. • " " ' , ^ . 



EKLC 



Her articles j "The Politics of Left and Right: Sex Differences in 
Hemispheric As^nietry*%* and Sex Differences and the Dichotomization 
of the Brain: Methods, Limits, and problems in Research on Conscious- 



left/right brain restarch valuable not only for the feminist issues they 
raise but also for the more general issues in the brain sciences* These 
include methodological diff icul ties, conf 1 icting data and interpreta- 
tions, the extent to which social values and ideology influence the 
interpretation of scifeMLn ic data, and the misconceptions promoted by 
writers who too often mistake conjecture for fact when relating the 
neurosc iences to human nature. 



Hn an anthology about women and biology^ Women Look at Biology Looking 
at Women , Ruth Hubbard et al , (eds.)» Cambridge^ Mass/: Schenkman, 1979. ~ 

\ , \. . ' ■ ^ i 

**In Genes and Gender: Pitfallsi ih Research on Sex ^and G_ender, ed* 
M.' Lowe and R,. Hubbard* (N.Y,: Gordlan Press, 1979), A third article, 
"Right Brain Epistemol ogy" will appear in a book of essays for the Modern 
Language Association Commission on the Status of kbmen, J,P/ Stanley and 
S- Hoogland, (eds.) .1 



ness, 



provide a clear critique of key problems associated with 
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Creatlvity, Creativity Testing, and Cerebral Hemlsphericity 

Work of: Professor E. Paul Torrance 
with J* Pansy Torrance 
Department of Educational Psychology 

College of Education ; ..... ... ..... 

University of Georgia 
Athens, GA 30602 



E. Paul Torrance is one of the most prolific investigators in the field 
of creative behavior. Since 1958, he has been nurturing a quiet revolution to 
make elamentary, sepondary, higher/ and career education more creative* His 
long history of teaching creativity and of developing creativity tests com- 
bines with his receht interest In left/right brain research. The implica- 
tions of his work for schooling are far-reaching and Include: fundamental 
reorientation of teacher trairi ing towards more creativ ity; creativity tests as 
a counterpoint to IQ testing; development of new' interdisciplinary currlcular 
materials a'nd reform of statewide school purchasing .programs; new programs to 
study the future that go^ beyond the walls of the classroomj even for elemen- 
tary school pupils; and so on.. ^ 

Some of thf highlights of his work are encapsulated below: \h ' 

• The creative .educat ion revolution : Education today Is more creative 
than 20 years ago. In 1976^ all 108 sixth graders of a stable represent;^t1ve 
Georg1,a school were administered the same creativity tests given to>hrTrH91 
counterparts In 1967: the greatest gains were in originaTlty^d. el aboratlon, 
two characteristics of creativity. These results yeri" confirmed by Flanagan^ 
who recorded increases in creativity at thfi-fame time as noting decreases in 
grammar and computation skills, 

, Objective studies admin'istered; in 1SS2 ^showed that prospect ive. teachers 
had attitudes that would not reward and even would suppriss development of 



craative abilities. By 1978, 95% of a test samp,le of 508 teachers- in-train ing 
thought more class time should bi used for teaching creative thinking, 

0 Testing :. In. 1959, Torrance pointid out that 1f one identified as 
gifted the upper 20% of a school popul ation based on an intenigence test, 70% 
of the most criativ.e would be missed. The most widely used test for creati- 
vity is the TTCT (Torrance Tests of Creative Thinking), It has been translat- 
ed into 30 languages. In the US, over 100,000 students take the test annual- 
ly. Over 1000 research studies have examined Its utility to all age 
groups, with minorities, and for its long-run predictability which is now 
being validated through a 20-year fol low-up study (in progress). 

.0 Left/Right Hemisphericlty : Torrance believes that the accumulated 
research on the specialized functions of cerebral hemispheres "has given 
additional theoretical and empirical support" to his . work. Therefore he haS; 
developed tests for right hemisphere (nonverbal) thinking, such as "Sounds 
and Images" published In 1973. He also developed "Yo.ur Style of Learning and 
Thinking" (fourth revision) for use with normally functioning adults and 
adolescents. / ' 

As reported In Brain/Mind^'Bunetln (1979),^ Torrance has shown that 
people can change their preferred styles of learning through training, that 
those having a left-hemisphere s.tyle of processing information score lower on 
tests'of creative thinking ability, and that gifted students with a predomin- 
antly left-brain style hav^e greater difficulty In seeing implications of new 
knowledge. ' ^ . 

0 Combining futurism and creative, education : Two extraordinary: programs 
were developed by Torrance et. al . to encourage children (starting from age 2-3) 
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and adults to think creativily about the future. These are the "Future 
Problem Solving Sociodrama" and the "Future ProbTem Solving BowV Break'- 
throughs are achiavid in both ttchniques when participants are able to use 
^"statis of consciousness other than the ordinary, fully rational states". I.e. 
emotional factors are equally important to intellectual orits in imaging the 
future. Both techniques also are commonly used outside the classroom walls, 
In one case at the Goddard Space Centir where students were "taken to anothfir 
planet" and asked to design a new way of life. 

Torrance feels it is especially important that gifted/talented children 
be exposed to such future-oriented techniques. By 1978, the Futur^e Problem 
Solving Bowl .had expanded from the initial 23 high schools in nprthe.astern 
Georgia to over 300 jchoolsand 6000. studints in 24 states. In 1980, the 
University of Nebraska administered the program, supported in part by the\ . 
Nebraska Association for the Giftedj^^to an estimated 30,000 .people; y 

% International aspects : Torrance cites work from 25 different coun-y 
tries showing .that creativity can be studied cross-culturally. He has ex- 
amined styles of learning and. thinking 1n the USA, Japan, Israel, India,^ and 
Mexico. Some conclusions: Japahese students score higher on intuition, 
verbal instruction, and precision while US students are higher, respectively. 
In. logic, demonstrat ion, and looseness X^tzk of structure)* 

. • Sugary : Torrance has conducted work along tKe lines described above 
with pre-school children, with students in career education, and wjth the 
elderly as well as In elementary, secondary, and higher education and has 
developed well-researched tests for nearly all of them.' These are listed and 
described in "Highl ights: , Georg ia Studies of Creative Behav ior, ,1970-1979" , 
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avanable from thi University of Georgia, The extensiveness and originality 
of Torrance's work makes him a most provocative and substantial figure, the 
importance of .whose work has^been underestimated in our opinion. 



Some Riferences: "Creativity and Futurism In Education: ' Retool ing"^ 

Education , Vol, 100, summer, 1980 

"Role of Hemispheric ity in Performance on Selected 
Creativity Measures", Gifted Child Quarterly , 1979, , 
Vol. 13 (with S. A; Mot^dl 

"Perceivid Changes in Styles of Learning and Thinking 
(Hemi sphericity) Through Direct and Indirect Training'*, 
Journal of Creative Behavior , Vol. 12, 1978 fwTTh C, Reynolds) 

"Torrance Tests of Creative Thinking: Norms-Technical ..Manual 
(Research Editibri) ", Personnel Press, Lexington^ Malj^ , 1966 

Giftid Children in the Classroom , Macmi 1 1 i an , 1965 

Is Creativity Teachable? , Phi Delta Kappan Education Founda- 
tYon, ;r973 

' "Evaluating the Elusive Aspects of Career Education", 

Journal of Besearch and Development in Education , 1979, Vol. 

- ■ 12 ^ " "~ " " " " " 



Learning and the Brain 

Work of: Professor Merlin C. Wittrock ■ 

Graduate School of Education . , 

University of California 

Los Angeles, Ca. 90024 . . 

Til: 213-825-8329 = 

Wittrock -s interests center on the relationships bitween cognitive 
psychology and cl assroom instruct ion . He has taught courses in both these 
areas at U.CL.A, In the interest of further illuminating those relation- 
ships, Wittrock has recently turned his attention to exploring the' interface 
of cognitive psychology and neurophysiology* The fruits of this exploration 
are contained in a series of articles whichj taken together^ provide the most 
complete and useful review of the literature that relates brain functioning to 
cognitive processes in learning. Wittrock* s work in articles such as "Learn- 
ing and the Brain"* and "Education and the Cognitive Processes of the 
Brain"** is careful* even-handed, wel 1-researched ^ and insightfuK 

Wittrock' s own research in the area of learning and the brain is high- 
lighted by' his work in generative processes in learning and memory, particu-^ 
larly as these processes relate to the acquisition of language and reading 
skills. 

By "generative cognitive processes'*, Wittrock means those processes by 
which children and adults generate meanings for written language by relating 

^"Learning and the Brain" from M.C, Wittrock, id. The Brain and Psychology 
Academic Press, 1980. . ^ ' ' \ 

**"|ducation and the Cognitive Processes of the Brain" from Jeanne Chall 
and Alan Mirsky^ (eds.). Education and the Brain , University of Chicago Press, 
1978. 



I 
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it to their knowl'idgi and memories of experience. By this constructive 

process they make sense out of prose and connectsd discourse,. In constructing 

his theory of generative cognitive processes s Wittrock makes reference to two 

essent i al ' learning processes which have been studied both 1n neurosciences and 

in cognitive psychology: attention and encodingp* • . 

Wittrock* s theoretical work has been supplemented by empirical studies 

such as those he describes In "Learning and the Brain'-, 

"In a number of studies^ my students and I have studied the 
effects of the generation of Imagery and verbal elaborations upon 
learning In school. Bull and Wittrock {X973) found that v/hen 
elementary school children 'drew s imple* pictures of the definitions 
of vocabulary words they remembered more of the meaning of the v^ords 
than when they wrote and studied the definitions. 

In another study . (Wittrock et al .j 1975) , a famil iar story 
facilitated the generation of meaning for new and undefined vocabu- 
lary words, Doctorow et al , (1978) found that instructions given to 
junior high school students to generate a summary sentence, after 
each paragraph of a story sizeably increased their retention and 
comprehension of the stories, 

. 

In a recently completed study (Wittrock & Lutz, in preparation), 
college students reading a chapter from Rachel Carson^ s book. The 
Se?. Around Us, increased thsir memory of the information in the 
c^hapter.by constructing a verbal analogy for the main idea of each 
paragraph or by constructing a summary sentence after reading each 
.paragraph. In these studies, self-generated verbal or imaginal 
representations at the information to ba learned facilitated learn 
ing,"** 



^Encoding has to do with the constructing and storing (in memory) of 
abstract and conc/ete representations and interpretations of events from 
experience, 

**Bun , S,L, and Wittrock, M,C, "Imagery in the Learning of Verbal Defini- 
tions", British Journal of Educational Psychology , 1973s 43, pp, 289-293, 
Wi ttrock",7M'C, et Tl~ ReadTn^ ~as~a~Generat ive Process" Journal of Educational 
Psychology , 1975, 67, pp, 484-489, Doctorow, M,J;, et al, ^'"Generative Process 
in'ReadTTng Comprehension", Journal of Educational PsychoTogy , 1978, 70, pp, 
109-118, Wittrock, M,C, and Lutz ,^^7 "Reading Com^pr^ and the Ginira- 

tion of Verbal Analogies and Summaries," in preparation. 



Wittrock*s importance, 'then, rests both on his integrative skins as a 
reviewer of the field of learning and the brain sciences as well as on his own 
integrative research and theory building as a cognitive psychologist. 

Considering his sol id, systemat ICj multidiscipl inary work^ Wittrock 
deserves to be regarded as a leader among those who are attimpting to reach 
a useful and balanced understanding of a variety of Implications in the 
relationship of brain functioning to cognitive psychology and of bpth these 
areas to classroom instruction. 




Ill,' WHO*S DOING WH^T? ADDITIONAL NAMES AND RESEARCH WO^K 



Many more names and research projicts were suggssted to us during the course 
of our Inquiry, Given the constraints on t1ma and resourceSi not all could be 
followid up and investigated. These include • ' . 



Dr. Joseph E. Bogen, M,0, 
Roos Loos Medical Group 
1711 West Temple Street 
Los Angeles, CA, 90026 
Tel: 213-413-13r3 



Professor Jianne Chall 
Harvard Graduate School of Education 
Cambridge, Mass. 02138 
Tel: 617-495-3521 

Dr^Eric Courchesne 
Medical School 
University of California 
San Diego, Ca. 92037 

Dr. Joaquin Cravioto, Chairman 
^Dlvision of Scientific Research 
Hospital del Nino Iman 
Insurgentes dur 3700 
Mexico city 22* O^F,* Mexico 



Dr, Peter Fuller 
Child Devalopment and 

Mental Ritardation Center 
University of Washington 
Seattle, Washington 98105^ 
Tel: 206-543-0124 

Dr , Oavi'd Gal In 
[San Francisco] 



A neurosurgeon who has- participated 
in the disconnection of cerebral 
hemispheres in severe epileptics. 
He has related left-right laterali- 
zation to parallel ways of knowing 1n 
several articles. . Readers are rei^erred 
to his article "Some Educational Impli- 
cations of Hemispheric Specialization" 
In Chall and Mirsky, 

Widely recognized professor of read- 
ing. Editor, with Allen Mirsky, of 
Education and the Brain, 1978* 



Engaged in research on learning dis- 
abil it ies and EEGs , 



MaTnutrition and education. Has data 
on 200 village children In Mexico, 
from their birth to age 7, on effects, 
of maTnutrition^ 



Engaged in research on learning dis- 
abil It ies and EEGs. 



studied left/right brain 
young children. 



He 



in 



ff 
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Carlton Gffjdusik 

National Institute of Health 

Washington, 0*C, 

Dr. Norman Geschwind 
Harvard Medical School 
Boston^ Mass, 



Dr, Michael Gazzanlga 
Department of Neurology ' 
Division of Cognitive Niuroscience 
Cornell Med teal School 
1300 York Avenue 
New "York s New York 

Tel : 212-472-8296 

Dr, Mu/lel Lezak 
Clinical Psychologist 
Veteran' s Hospital 
Health Services Center 
3710 Southwest Veterans Road . 
Portland, ^Oregon 97210 
Tel : 503-222-9221 

Mr, Joseph Psotka 
Natioha'' Institute of Education 
Department of Learning and Development 
1200 19th Street N.W. 
Washlngoton, D.C. 20208 
Tel: 202-254-6572.^ 

Ms. Julia Sherman^ Director 
Women's Research Institute of Wisconsin 
3917 Plymouth Circle 
Madison, Wisconsin 5705 ^ 
Tel: 608-233-0255 



Works in the field of neuro- 
phys 1q1 og ical pathology. 



Considered one of the foremost 
researchers on the relationship 
between neurophys 1 61 ogy and 
behavior, ^ / 

Significant work/in left/ 
right brain studies and 
handedness. / 



Author of Neuropsychological 
Assessment ^ T97'6". ' Wo r k i n c h 1 1 d 
psychbTogyj integration of left/ 
right brian^ and reading. 



Helped to organize conference 
on neurphyslology at U.C.L,Ar~Tft 
'mid-ig70s* ' Continued Int^irest 
in the field . / 



Work on sex differences 
brain f unct ioning , 



in 





) 
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A Symposium on Recent Research on the Human Brain and " 
Implications for" Education , July 15-19, 19S^ 

Organizer: Ms. Mary Leighton * 
' . Conege of Education 
University of Oregon 
Eugene^ Oregon 

Tel: 503-586-3407 \ ^ , ' \ 

From July 15-19s 1980, over 900 educators (mainly teachers) gathered 

; . ■ ^ ) 

to hear tight speakers discuss research on the human brain as a possibles new 

/ 

significant frontier for educators. The topics and speakers were as /follows 

The Challenge of Brain Research 
Herman Epstein, Professor of Biology^ 
Br.andeis University / 

Biological Time: The Clock Withi^n Us 
Michael Menaker, Profissor of Biology and 
Director of Neuroscience Training and 
Research^ University of Oregon 

Development of the Human Brain ' \ 

Marcus Jacobson^ Professor of Anatomy, 
Universfty of Utah^- College of Medicine 

SpeciaHzation in /the Cerebral Hemispheres / 
Murial Lezak\ Clinical Neuropsychologist, 

Veterans HospitaTs Portland, Oregon / / 

Sex Dif f erences . in Brain Function 
JuTi~a~Sherman, "Director, Women - s" Re^sesarch' 
Institute of Wisconsin 

Language Processing in the Brain 
D/ Frank Benson, Professor of Neurology^ 
The Center for Health Sciences^ ) ^ 

i ^ 



Lor Angeles , / 

Endorphins: The Body's Own Opiates 
Avram Goldstein, Professor of 
Pharmacology* Stanford University 

Biofeedback:. A Challenge to the Priorities 

of. Brain Research . ' 

Barbara Browne former Chief of Experiential 

Physiologyi Vaterans Hospital i Sepulveda, 

California 



Ms. Lelghton concluded that the ct'nference was successful in informing 
the participants and provoking their thinking. Howsver, the presintations 
were less gsrmalne to educational practice than had been hoped. Many felt 
that this research would become more relevant further into the future some 
said as far as 25-50 years into the future. The experience of this very good 
s^fnposium indicates at least two things relevant to the Horace Mann Learning 
Center* - "'^ ^ ' ■ . 

First, small worksbopr^would probably be more productive at this stage 
than large symposia* What is needed now, and what few igencies seem to be 
sponsoringj are opportunities for brain researchers to think about the educa- 
tional implications of their work, togethtr with and aided by cognitive 
psycholQgi its. -This process requires small group interaction with sufficient 
time to develop researchable propositions, 

v-^Second, even though brain research may te years away from much of educa- 
tional policy. It is very close at , hand In a|^ least one Important respect, 
which 1s the ethical dimension . Just as thelpurposes of research In genetic 
engineering recently sparked constructive controversy^ it Is quite possible 
th^t brain research may provoke similar debate. Properly formulatedp such 
discussion^ could benefit neurophysiology by indicating new priorities and It 
could help educators understand the strong and -\^eak points of brain research. 
In order for such debates to be properly formul^ated, educational policy 
makers will have, to become better informed about the present state-of-the-art 
of brain research. / 



/ 
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IV. TOPICS FOR DISCUSSION: ISSUES AND IMPLICATIONS 

,The work dfiscribed in' the foregoing pages can be summarized as fol- 
lows: \ " ^ ^ 

A growing conection of evidence indicates that left and right ^sides of 
thi human brain process information differently. While there is general 
agreement about the existence of these differenceSj their precise nature and 
significance are the subject of considerable disagreement. The increase in 
scientific ixperlmentation has been matched if not exceeded by popular 
speculation: it has become fashionable to relate many behavioral dichotomies 
to specializations of either. the left. or right hemisphere. Distinguishing 
scientific hypothesis from unsubstantiated speculation thus has become diffi- 
cult for educjAef^s seeking implications of the brain -sciences for educational 
pol icy* \ " ' ' 

In this section, we begin by describing some methodological problems that 
make it difficult to link neurophysiology and cognition. ^ Then we identify 
several key issues of importance to educators ^ noting areas of agreement and 
disagreement mong researchers. 

Methods in . Neurophysiology and the. "Brain/Mind" Problem 

Educators should be cognizant of a nmber of fundamental methodological 
problenis , 

. 0 None of the present research methodologies can determine with 
. certainty how the brain functions . ■ 

What we know about how the brain functions comes from research that 

is limited by our ability to get physically inside the living brains of fully 

functional, normal human beings. Research strategies have included 
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1) observations of the interior of the brain by neurosurgeons 
working on live animilSs dead humans, or on human beings af- 
flicted by pathology or injury; 

2) researchers' observations of behavioral distortions--in hufnan 
subjects known to have certain brain dysfunctions; 

3) el ectroencephelograms (EEG's) which through external monitoring 
distinguish between different kinds of brain wave patterns 
present in different regions of the braln^ correlated with 
externalTy observed modes of mental functioning or responses to 
behavioral tasks ; 

4) a host of other externally exhibited and monitored behaviors 
such as eye movements, 1 istening patterns^ and performance on a 
variety of kinds of tests** 

It should be pointed out that ths major contemporary impetus for left/ 
right brain studies derives from early work on abnormal adults by Roger 
Sperry, Years later, doubts stilT persist as to how much expl anation abnormal 
brains can provide about normally-functioning, intact..bralns* 

Another meth&dolog leal problem is the difficulty In pinpointing locations 
for brain functions. As Gardner has pointed out^ it cannot be proved that a 
function is housed In a particular locatton just because that function is 
impaired by damage to that location. His famous analogy is that the function- 
ing of a radio can be terminated by cutting off the plug, but no one would 
conclude that the sound was "housed" in the plug. 



As Merlin Wittrock explains: 



"Cognitive functions cannot be reduced to neural structures and 
psychological processes,.*" (1978) the precise neurolo- 
gical mechanisms Involved in different types of learning are not 
known." (1930) 



Hence, those Interested in connecting neurological functioning with 



learning must rely on findings which are alwayr limited by being unable to 




*This list is not necessarily ixhaustlvi* 




"get inside" the live, fully functioning, healthy, human brain* 

8 Relating begin function to CQgnition or behavior requires con'- 

struct inq a hypothetical mode V mind. "Such^Qd¥ls are built 

by postulating assumptions and ''fining in" where evidence is 
' incbmplete. As useful as such models may be, they are experilTien- 
tal/hypQtheseS; not hard fact as is sometimes fmp lied > " 

Generating models of the mind is an age-old occupation of philosophers ^ 
more receritly of psychologists and most recently of neurophysiologists . 
Sperry and his associates constructed such hypothetical models in generating 
the notion of two brains from research in patients whose hemispheres had been 
severed. This procedure is invariably usid by everyone who relates a model of 
complex neurological functioning to human cognitions thought^ perception, 
learning, memory, and so on, ^ 

The difficulty in verifying relationships between neurological structures 
and cognition is sometimes referred to as "tha brain/mind problem", A 
recent book' on the subject includes a dialogue of great interest between 
philosopher Ka^ r^opper and Nobel Lauriate neurophyslologist John C, Eccles, 

Its titles The Srl;f and Its B rain,* reflects the recurrent notion that the 

\ 

brain and mind are indeed different entities. Whether or not it is the case 
that the mind Is greater than the sum of the brain's parts, the problem of the 
difference between the nature of mental processes and the nature of neuro- 
physiological functioning Is at least one of two separate levels of analyses 
that may be correlated but not easily linked In any direct causal manner. 

Many of the problems lin the research arise when causal rilations are 
posited across .level s such as these. And there are many levelSj ranging 



*Karl R* Popper and John C. EccleSi The Self and Its Brain . New Yorki 
Springer International » 1977, ^ ' 



upward in elaboration from synapses and electro-chemical functions, through 
niurological regions of the brain, to mental functions at -the psychological 
level j to complex human bihaviors at the level of the social sciences and 
humanities.* 

The construction of hypothetical models of the mind seems both inevitable 
and promising* One virtue of relating neurophysiology to cognition is that 
neurophysiological research may stimulate the development of new models of the 
mind that more adequately portray mental functioning. Caution^ howevers is in 
order: since the distinctions between empirically verifiable data and the 
hypotheses drawn from that data are often disregarded by many popular iiers and 
overly minimized by some researchers, there is a tendency for the hypothetical 
models of mental functioning to be interpreted as facts about, how the brain 
works , 

Susan Leigh Star summarizes these problems cogently, showing how literal- 

ly hundreds of "models of the mind" have been derived from Sperry*s original 

work on no more than 20 adults: 

The current strong wave of interest in hemispheric asymmetry 
began with the work of Roger Sperry, who studied persons with ^ 
severe epilepsy who had /had their corpora callosa (the nerves and 
other tissue connecting the two halves of the brain) surgically 
severed'in an attempt to control seizures* As a result^ these 
people had two separately functioning brain systems--their right 
hand literally did not know what their left was doing .(unless they 
had a chance to look and see!)* Sperry presented the two sides of 
the brain in such people with a variety of stimul i--verbal , tactile, 
and visual* On the basis of his subjects^ responseSi he was able to 
generalize about the types of functions that the two hemispheres 
perform separately He concluded that the left half of the brain 
determines logical thought^ most speech, mathematical ability and 
"executive" decisions, while the right half rules v1suo-spat1al 



*For further discussion of the levelj of analysis problem, see Steven 
Rose, The Conrscious Brain, Vintage Books, New York, 1973* 



-37- 



ability, emotions, and intuitions. His hypothesis about the left 
hemisphere controlling verbal functions was supported by obser- 
vations on brain-damaged people with lesions in' their left hemi- 
spheres, many of whom have more and severer speech impairments than 
those vyith right hemisphere lesions. 

The strict equation of spatial ability with right hemisphire 
functions, and of verbal abiTity with the left, combined with the 
tenet that it is most natural to use one side of the Drain at a 
time, formed the basis for subsequent theories about sex d^ifferences 
in asymmetry. Sperry^s hypothesis, based on his obseryations of 
fewer than twenty patients, became a "fact" that was subsequently 
fised to build new theories.* ' ~ " ^ ^ " 

Since we are in a period of intense interest in neurophysiology, it 
is not surprising that a number of brain-based models of the mind are cur- 
rently in use. In addition to the many modals reflecting the left/right 
brain differentiation, there are also models stimulated by research in ar- 
tifical intelligence (M.A. Arbib^s Metaphorical Mind, for example), models 
based on theories of brain evolution (P.O. MacLean's Triune brain) and a model 
based on the image of a holograph (Karl Pribram's Holographic Theory of 
Consciousness). 

Perhaps the most important point for educators is to proceed with great 

care when rel ating ^earning to the neurosciences. This warning, repeated by 

many in the field, 1s well summed up by Jeanne Chall and Allen Mirsky who 

conclude theiH book Education and the Brain with the following statement: 

"Every chapter author acknowledges the great complexity of 
the brain and the theoretical disagreements that arise from this 
complexity. If this brings confusion and uncertainty to the 



*Susan Leigh Star, "Sex Differences and the Dichotomization of the 
Brain: Methods, Limits and Problems in Research on Consciousness, 
Program In Human Development and Aging," University of California, San 
Francisco, in Senes and Sender: Pitfalls in Research on Sex and Gender , 
Ruth Hubbard and Marian Lowe (editors), Gordian Press, New York, 1979, 
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different neurosciantlsts, it brings an even greater sense of inse- 
curity to the non-speciaUst . In the search for certainty, thire . 
may be a tendency to hold one simple theory. It is important for 
the non-specialist, to know that-the various brain theories are being 
constantly refined and modified,"* 

Creativity, Imagery, and Art Education , . « 

The most practical Implications of cerebral lateralization to classroom 
practice concern the areas of creativity, imagery, and art education. The 
popular success of Betty Edwards and others in teaching drawing, the research 
of Howard Gardner in art education, and the creativity enhancements and 
testing by E. Paul Torrance all deserve further explorations. Despite some 
obvious commonalities afnong the work these people represent, there are pro- 
found and unresolved areas of ^disagreement, Gardner, for- example, would not , 
view the brain as two halves in the way Betty Edwards does; rather hf would 
describe "seven brains", or seven brain functions that correspond to' the seven 
symbol systems he studies. 

Both Gardner^and Edwards seek to enhance nonverbal skills. In contrast, 
Torrance and &Ho Wittrock would "draw on the right side of the brain-' to 
develop 1 Ingulstic capacities* Wittrock, for example, uses Imagery to 'in- 
crease vocabulary skil Is, Torrance seeks ways to enhance written expres- 
sion, • ' 

Thus in the promising areas of creativity. Imagery, and art education, 
"educating for both halves of the brain*- means very different things to dif- 
ferent people. For policy-makers, this implies a need^ for more experimenta- 
tion and for further dlssimination of a variety of information and idias. 

*Jeanne Chall and Allen Mirsky' (ids. ) Education and the Brain , University 
of Chicago Press, 1978, page 376, . " . ' 

■ ■ ^ ' 4u " . , 
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V-''' * . ^ ' ■ . 

This could perhaps best be dons through small Workshops that involve not only 
Vesearchers but pract1t1onirs as well. It should be noted that thi 4980 
conference of the American Assdciatibn for the Study of Mental Imagery has 
held such workshops. More information on their progran "can be obtained from 
,Ms, Anne Dickasons Program Director, Mental Imagery Conference, 219 Nolte 
Center, 315 .PiTlsbury Drive S,E,| Minneapol is, Minn, 55455. For further , 
d'iscussions in this area, see Joseph Khatena, "Creative Imagination Imagery: 
Where' is It Going?'", aournal of Creative Behavior , Vol. 10, . no* 3, 1976, pp. 
159-192. ^ ^ ^ . ^ " 

Sex Differences in Left/Right Brain Research: Fact or Fantasy? - 

9 - :In the popular literature, the left side of the brain is often 

associated with male cQnsciousness while the right si.de is asToci- 
ated with female consciousness . To what extent are su c h claims ~ 
born" out by research? \ 

Claims of this sort are not well supported by present neurophysiological 

research. They seem to be based on early specuTations of writers like Robert 

Ornstein* and others who were extrapolating from research-based hypotheses 

which have since come to be seriously questioned, even by Ornstein himself. 

Susan Leigh Star surjis it up well: . 

"In the years since Ornstiin's book was written, many psy- 
chophysiologists have revised their initial conceptions of brain 
as^^metry, and most. Including Ornstein, notv realize that there is 
no duality of consciousness .,^1n the brain."** 

\ ' \ ' . 

*R6bert Ornstein, The Psychology of Consciousness , New York, W.H* Freeman 
and company, 1972. . ^ ..X 

**Sus,an Leigh Star, "Sex Differences and the Dichotomizat ion of the 
Brain: Methods, Limits and Problems in Research on Consciousness, Program in 
Human DeveloBnent and Aging," Un;iversi ty of Cal i/ornia, San- Francisco, in 
Genes and Gender: Pitfalls in Research on Sex and Gender , Ruth Hubbard and- 
Marian Lowe (editors), Gordian Press, New"Yor¥7 1979.' 
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Nonetheliss, OrnsteinVs The PsycholQgy of Consciousness remains very 
influential and many voices continue to echo conceptions now out-dated. 

What differences in left brain/right brain functioning are now thought to 
exist between males and females, and what sense can one make of any such 
differences? The research findings and -evin the hypothises are conflict- 
.ing and contradictory, Thfee examples of such hypotheses are provided on the 
following pages. These exmples are exc^^pted and described in some detail , 
reflecting, the importance and complexity ofs^his issue. Readers who prefer to 
do so may skip or. skim to the next topic for discussion that begins on page 

SO, . . 
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EXAMPLE 1:* 



Bight SraWLeft Braui FmctWM 
Tm following two hj^th^^ have teen among tiit mc^ widely 
diicusi^ and btliived ^wri^ about stx^irtnM in brain Mym^ 
metiy* ThBy are both biJtd on allied ^Tdifftrin^ on s^tial and 
vifte.1 tarici, and reprint ts^o entirily diifannt rttsoninp firom 
^ially the ami m of "&rts;'* Le>7 and Sf^rty aay that women 
art inferior on i^tial teaks brcauBe of a d$gTB€ oflaiml%z^^ 
££^» BuffiO' and Gray m ^at they an suparior on vertaJ. teaks 
baausi womin's br^ns an mcrre teta^ii^l^ \ J . 

TTie Lm^ihSptrry Bypothuti 

Levy and S^rn^ begin tfieir reasoning by noting that ftmaJis 
perform ^rly on ^rtain t^to for s^tial abUiti^, and ftat left^ 
tend^ men perfonn poorly on ftt sami t^te, Lrft-handiis, tiiey 
itata,^rfonn poorly on thee tete bMuae of "cr^teUc" from 
Aeir Itft hin^spherts while pprforming the t^ks: they are aid to^be 
1^ latermliwi Tne author' arpie that the superioriQ^ of ripit 
handed nmles in ludi s^tial ta^ (s due to a grml^ latamliation 
of the brain: Levy mtm that "it might ba that female braini are 
similar to those of l€ft^hand^Jn.haNan| 1^ hemiaphirie spedalim* 
Uon timn mle right-hander'i bral»:2ii^rOTd^Sperry also drawj a 

furtntr analos^ betw^n femate and Itft^handiii: they stete ttot in 
left-handm language h mediated by both sid® of the brain (wherMs 
in ri^Miande^ it ij a Jeft brain ^fun^on) and that tte Unfuap 
component in ttt iright hemisphere of the l^*handen (allied to be 
absent in right hwdert for the mort jmrt) ii what intarfem mtt 
•'pure* righthemiiphire performan^ on ^tial taste. (In iri, it Is 
mi toJi ^t l^-handers usually have bilateral langiaap repr^n- 
tetionn From this Levy and Sptrry pnamli^ to female who, they 
aOTme, also have bilatiral rfpr^ntetion for languagt, mi they 
oondude tj^t thU ii why female as a poup perform mon ^rly 
than mal^ on s^tial teski, 

A number of r^^rAen have alrMdy b^n to a^pt theh* 
hmtheis as &rt, and an using it to interpret ftuther findinp, 

. iJthou^ the probltms with it an 1^'on, L^ and S^ny do not 
ad(k« ^mining and lodalisation as pi^ible fartors in performan^ 
of spatid terici. Hey do not verify tteir a^iOTption ttiat the t«te 
mfflsun the degree of hemiiphtric spedaUmtion, And th^* do not 
addrw the eritial fiirt that female ^nsistentiy perfonn better = 
than imlm on tmtB of virbal abilify, a £ict whidi would satm to eon- 
tradirt their sumption ttat female Imve bilateml languafe 
npr^ntetion (which, by thiir rmsoning, ihould make their verbal 
abilitie poom^. Rather, they Bmn men intirtited in e:cplaining 
male suj^riori^ on spatial taaks, whatever oontortiens of logie ttii 

"might demani 

*'txcerptid from Susan Leigh Star, op*cit* 



'EXAMPLE 2 

The BMffen/^r^ BypothuU 

E^ery and Gmy ^miM the amt tet sara as iMfy 
Spairy, stiow that mal^ perfom tetter at ^r^n s^taai 
tad^; but unlike Lfvy and Speny, thty alsp take into a»unt 
female Virtel fup^'ority, ^ 

To fxplain how toth app^rint raptrioritia cmn »€5drt, Buffery 
and Qmy oDnstruct the following hyix>th®i^ T[i%y postulate that in 
trmli^ Un^itie and visuw^tial abilitie art ripraintri in toft 
hmisphir^t wher^ in female they art lipar^tad into tht lift and 
right hemkpher® rep«tiYi]y, (Ttm for Buffer and Gray, fTOml® 
m mart Uteralkad than nml^ partly opp^ite to Ijtyy and 
Sperry's eondujIonO Btifftn^ and Gmy then Mtrt^ that biiterml 
repr^ entatjon U ffiicjent for visuo-swtial t^ks a dirat 
contraicUon of m^ thaori^ — b«aUM thee te^ reqmre a 
global, holistic per^ption. Htn^ mal^ witii 1« latamliation 
than female* perfomi bettar on Tisuo-^tial tarts. Than, with a 
^nfeunding leap in -lope, thay asart that vaAal tasks "rsiuira 
latamlizatlonp'' lina they art more ^'^^c" and "dalisti'' 
and "loi^liMd** than spatial taa^ Htb^. wotnaru witt pmter 
latarali^tion tiian men, perfortn better at verbal tadci, 

n^ara are at thr« sario^ probliM witti their hypothec 
Tha.firrt is ttiat deri^ng a more glotal or G«talt ^r^ption from 
superior parfonnan^ on the ^tial tasks tiiat have b«n used in 
th^ tMts r^uir^ a bit of imagination. For mitan^i one taA ii the 
rod and frmme t^ which gaug^ the ability, in a darkanad room, to 
adjust a mos^bla glowing rod irithin a tilted fimma to a virtiGl p^i- 
tien. Another tats tta ability to distinpish pirtuM of fcniUar 
objects ^at are »n^^ within a camoufkging teckgrouni Tna 
abilit}- to taka a fip« but of its teckpound csntaxt is ^Iled 'Afield 
indapandanea*' and is usrf M an #campla of ^s^tial ability." 

In th» ^rts of tsts femalrf on the averap, art 1« abla^ to 
sa"pamta.a figurt from ite antart, and art tharafora said to ba mora 
field dapa'ndentUan mal» From this it would appear that/fmolis 
are the on^ who «hibit tetalt par^ption (ri^t hamisphere), yet 
■ this is attributad to mm in ^a attempt to explain thair lup^adly 

fuparior spatial ability. ' ' ' ' - ^ n 

' But i mere blatant antradiction amarg^ from toe Buffary^ray 
th^riani, They ^uaUy mention that - / 

mala supariorityxon \iwal t«ta only appears whan 
manipulation of ipatial rtlitionships is involvri. On 
\tasks which dapend for their/axwiUon prindpally on tha 
discrimination and/or «m^rlBon of fine viiual detail, 
tiia dir^ion of the ^/"difiiranc^ is ravarsri. rnui 
woman are batbr than/men on , , , a numb^ of other 
t^'tj of visual matdiini and visual ^rA: . .(emphasis 
minap^ ' 'V^^,/ ""'V^' 
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EXAMPLE 2 (cdnt1,iued) * 



Tnus, tht mdy tEsks that show men art mori able are tmt$ of 
nmnipulatidn of the tnvironmint or some ^rt of it Th% equation of 
this mth spitiar ability, not to mtntion its high reflects tht 

rmp&A arardedjmale skills in tim 5ociet>% 

Buffery and Gray the above quote **rhus wornan are 
better ttan min .on , . . a numter of otter tmU otviiual nmtching 
and yimial M&rdh whieh art predictive of good parformM^ on 
derial taya."" 

Finally, Buffiry and Gmy, like Levy and Sptrns rfever idtntify by 
means of physiologi^I t^te the htmispheriV wh^ p^^m^ 
activity ttty associata with a parUcular t^k. They poitutoa ttat 
men are lm$ lataraliz^ ttian womin: ttey p^^uiate that verbal 
skilb r^uirf greatar latamlization, and Msuo-spatial sidlls 1» 
latemlization. But they nsvar measure the brain artivity of mal^ or 
ftmal^ during th% ptrforman^ of any of th^ taate. 



* excerpted from Suiin Leigh Stir, op^cit. 
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EXAMPLE 3* 



WITTROCKi SEX DIFFERENCES IN COGNITIVE PROCESSES 



\/ 

\ 



In % thorough rivUwi of che psychological Uterirure oa s« 
differences, Ma«oby and \jicklin (1974) reported rfiac thi TtfbtJ. 
sbUhici of boys and girii quice simile until early adoltectnc^^' 
At aboui age ele/en and beyond che verbal abilitiei of females are 
iupQriof,,by aboui ,i| of a standard demdon, to the verbal abUides 
. of males. In adolescence and adulthood, males are stiperior by about 
4 of a standard deviation to femalej on visual-ipatial tasks, and after 
about age twelve or tWneen qa mathemadeal-miks; a^o/ No sex 



ipt 

ity when spadd^ abiUcy was involved in qUembedding compleic 



difference was found in analytic ability, except for a male^ superior- 
ity wh 
fifwes. 

The recent r^earch on the cogmdve proce^es oJf the bram 
complement the above findinp in saveral inter«tmg ^w^ayi. For 
over' a decade a nuld cohtroversy has existed over the difference 
between the sexes in^hemiiphific^ distribudon of lanfuaf e and pparial 
proceses. Levy and Speny argue thit, compared^ widi womer^ 
men have a. greater degree of laEeraliiarionl wrh verbal processes 
in the left hemkphere and ipadal funQtions in die right hemisphere, 
while women cend to have both lerbal and spadal proc^i^ rep re* / 
senced to a sUghtly greater^ degree in eaeh hemisphere, Buffery and./ 
Gray ar^e nearly- the opposite, belieTmg that speech Ipercepdon' 
and consequendy other verbal proce^^ of girb develop earlier and 
become mo tje.. strongly lateralUed. than those of boys, who have 
spadal proce^es more ^equally represenred in both hemispher^,*^ 
Why a strong lateralizadon increases language ability in females, 
while if opposite, bilateral cerebral represenudon of nenlanguige ^ 
skills, facilitates spatial ability in males is not made clear. 

In the recent literature, Ray ec al. report that males were 
lateraliEed for so-called right hemi^he^c^ar lef c hemispheric tasla, 
.while no stat^tically significant differencefs between the same tasks 
were found for f emal^J^ Hannaw and Majone found that mal^ 
but'not females, showed a right visual field supWioricy for recogniz- 
ing nonsense words, indicadng Ips lateraliEadon^^o^jinifaisdc "func- 
tians in female than in miJe$*V* Wittlion found spatial funcdons 
well lateraliied in boys at apgut age si-x, but not in gtfls /UntU 
about age thirteen,'^ On the/other hand, Wolff and Hurwitt/found 
^earlier and greater left hermspheric specialiiadon in girls for serial 
Teguladqn of motQr behpiofi that is, ' keeping in dme with 
ms't^enome and taooins' 

info^ation abqut hcait^ race, fefnal^ shifted to a greater right 
hemi.^phcre acfivation than did males in an attempt to influence 
their haart raccs.^°* Doth ic^cs were equally effective at self*regula- 
fion of heart rate, alchough they used somewhat different itracegies 
in amining the equivalent outcomes. \ ■ 



* excerpted from M,C. Wlttrocki "Educstlon and the 
Cognitive Procisses of the Brain"* in Education 

■ and the Brain , Jeanne Chairand Al 1an^44trsky, (editors)-, 
Uniyirslty of Chicago Press, 1978./ .^^ 
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EXAMPLE 3 (contlnuid)* 



Tucker itudiad anals^ic-spatial ind ijTichetiG-spatial /taiki and 
found that rnslei ujed dicif left hemiiphcrei predominantly in the 
anilytic t^k and their right hemkph*fej predbnynantly' m the 
iynthedc task.**^ Femalei uied thek righcNand left hemiipher^ in 
the analytic task^ but ihowed a greater^ EEG difference^ betu^een .. 
rostral and caudal' (front and back)/re^ioni wthin the same cortjeal 
hemisphere/ Bogcn et al. found £hat/blick or wWt§ urban women 
do as well ai men on the J^eet G^talt Completion Tw.*^ 

In sum, sex differeneei in mean cog nidve p oficiency in different 
intelleorunl tJjks are either noncxiitent m moit areaSj or^remaxkably 
small in the remaining areas. They dp not emerge un^ adolejcence, 
iuggesring an influence of culwrally dsterminei^ rol^, 

^ There is no eduoadonally relerant empirical support in the 
studies reviewed here for the belief ^fut one lex k more or le^ 
intellectually qunlified than the other pursue aeademic learning. 
The observed differences in hemispheric lateralii^tion, which are 
still contTDversial, reflect a richness and diversity in the use of 
cognitive processes to attdn equivalent outcomes and equal pro- 
ficiency^ ^ ' 



* excirpted from M,C, Wittrock, "Education and the 
Cognitive PrMesses off the Brain" ^ . in Education 
and the Brain' i Jeanne ChalT and Allan Mirsky, (editors )s 
University of Chicago Press , 1978. , 



Wittrock, In a later article, expands upon this 
GDnciuiion: ** . 

' Although as groups, men, wonien, laft-handers 
and right-handers sometimes differ In cognitive 
proficiency and in the ways they process 
Information, the groups also overlap sub- 
stantially 1n cognitive, proficiency and in 
rnethods of procassing inforrnatlon, ^ One Bduf 
cational Implication" of thest findings Is tnat 
although some Individuals will be more pro-* 
ficiint then others at academic' learnlng,^ 
students should not, by reason of Six or 
handedness, be discouraged from the pursuit . 
of any academic subject jnattir taught in 
schools, 

** M,C. Wittrock, "Learning and tha Brain", 

The Brain and Psychology , Academic Press, 1980; 



^17 
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Somitimes, thesa unclaar and conflicting Interpretations of research 
refiults are not adt^tjately reflected 1n,the popular literature. Many other- 
wisi^ worthy causes may do themselves more harm than good by seeking support on 
such a weak base. For examplei Susan Leigh Star'presents a feminist critique 
of this problem^as it occurs in- feminist literature: 

TminhU ytilMng tha tmarA on htmispheric E^ronirby 
^ould be carmful to avoid simllaf pl^lls and nol take ri^t and/laft 
brain d\AoU>m\m Utamlly when aml^^'ng women's oppi^Iqru or 
\ at I^t not m% in thi iimplt litar^ feshlon in ^ieh thrty art 

popularly Kprment&L Thtri is a itrong mitaphorio «lationship 
betwetn tha populir didsotomistieM for **ri|ht bmin*' and "left 
" ■ birmin'*- fiinetioni/piraptiof^ and lonif of tfie id^logi^nmUrial 

^ ^ diffirtnM betwHn ftnuniste and lOTsts Some ft^ 

}^vt rrantly baen afUcula^^^ Indudt hplirtic penspUonSt no^ 
dualistic thought, and i validation of mbiitioiL Patriardml .wju^ 
art .assodat^ with lin^r thoupt pnDpositionali^ that •^objeC' 
tifiis," and dualiim, Howevir, HrJkap of malt dominM^ on a 
scdai lavd with **thi lift bnin*' 1$ to© simplifftic. 

An aampli of this kind of ove^implifietion oOTif Jn m art'de 
by ptm 

So dualism reld^ in vw briin* Tlit ways of per- 

mmng that am% to bt grc^d in tht Irft i^miiphert 
a^ t^ took men m&i to fa^e j^n^l of the plinfL 
^ Linear thirJdng, foet«d narrowly enough to ^uma out ' - 
human or tinotional ejr^idirations, enabW mm to Idll 
* . . with fi« oon^itnM. Propyl Uonal thinking enable 
men to ignore the principle of morali^ 
jthi wr^'i Q'ftaim,' and to stt up initad thtir otii ver* ' 
lion of rifhtand wTong wmdi they eould Wiavt m long 
as jte lope w« intarnaUy eonsktant ... AH of 
/V peTOiying Umt thratantd tht l^'^l wiyi with pttitr 

. \ mliti^ Wire grouped topthir on tht othtr (ri^t) sida 

V, ef tht bmin and W>fW ^tad" ..-^r ' .: 



Thi ^^mtion of •'^rf*' and •'ted'' qualititt into 
and right sid« of tht brain, and the universally onstant 
valuation of qualiti^ »h bs sMn in every patrmrchal 
eultii're through Its attitude toward 1^ and. right- 
handedn^ . ^ 



Gina here mtrodu« a dualism, that rejects m mal« our ability tT 
use xmU of IntallKtua] reaMnini and -loiiq and ^ii, is 
danfffous for it peiretuats rtfirwtj-pic amKulinWftm'inlna 
duali and even mort subtly so If they oour in .^a amt piraon 
Ourlefthimisphe2^arenotprifflrious;"male"pla«to^v^^ \. 
but notdweltin. WentedtoutiliM tohalveofourbra^^^ ' 
ntxible and adaptivs manntr, b^. as. gina suswts, in a moml 
sccietj* whidi fKpecti tht activitis of both. 

f ftminists, our antra! mnams murt be to tlimiM 
dml mtchanisTO that have blocked the «pr^^^ 
languap and spttial/intujtivt/envirDnmtntal skills in womtn and 

to enaurap the divilopmint of th«i skills in the holisU " 
of which we sesm to ht a^bla. . 

Another perplexing issue that confounds the question of sex differences 
is the nature-nurture controversy. Even where there are differences that show 

L 

Up on EEGs -between males and females, it remains unclear whether such differ- 
ences are due to differences in innate neurophysiological structures or 
whether they are sociany Induced* Some assume that because the resiarch is 
neurophyslologlcal ly based* any differences can be attributed to differences 
in human nautre. Others, however, point out that differences even in the 
physical development of the brain can be due to factors such as social en- 
vironment, nutrition, etc* 

An alternative and Intriguing approach 1s offered by the work of Herman 
Epstein:* . \ 

It was pointed out above that Ihe brain growth spurt of girls 
at age eleven years 1s about twice that of boys, while something 
like -he converse 1s^.trua of the brajin growth spurt that occurs 
. around age fifteen years. If we connect brain growth with mental 
growth, the.queslton arises about the Implications of a quantitive 
difference" in brain growth during a spurt period. In this Instance 
of J 'quant itive difference, it might . be possible to discover the 
.^.-ImpTtcations beca It accompanies a sexual dimorphism so that the 
. , two ■Classes of Individuals , are readily distinguished* 



♦Herman Zp\t 
for Educational 



fiin, "Growth SpWts During Brain Devejopmerit: Imp] icat1dn|s 



Policy and Practiice" In J-S. Chall and AvC, Mirsky, Educat ipn 
ahd the Brain , Lniversity of Chicago Press, 1978. 
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\ A simple hypothesii would be that girls need a very differint, 
and more chanangingj curriculum from that of boys at both ageSj the 
input being far mori intense and complex for girls arpurid age eleven 
\^and correspondingly less Intense and complex around age f.lfteen, 
Ori^ can imagine that^ curricula developed mainly for boys could be 
inadequate or even harmful for girls at age- eleven, Indeedi the 
failure to adapt educational inputs at. this age to the far greater, 
capacities of girls might be responsible for the relative lack of 
females in the more theoretical oif" abstract professions. Presum- 
ably^ moreover, the Inadequate program for age eleven girls would 
later make the girls' smal ler development at fifteen .even less 
effective, ^ 

This line of thought carf be related to the fmous proposition 
enunciated by Bruner stating that "the foundations of any subject 
may. bii taught to anybody at any age in some form.-' Our failure to 
^..'ffecogn ize the higher-livel form accessible to girls around age 
eleven may deprive them fo the needed background on which to build 
their subsequent intellectual growth* 



\ 
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Topics for Discussion (continued) 
Learning Disabilities / 



• Left/right bra1n/r€search implies that some learning disabilitlis 

are Correctable.^ New techniques using EEGs promise some Tndfcations'v 
for new directions for e xploratio n in such cases V . 

One of the most important impl ications of brain research and a "spin off" 

of left/right brain studies concerns learning disabilities. Chall and Mirsky* 

conclude that ' .^. -^"^^ 

"For educators who fear tHat physical brain dysfunctions 
or dtfects are permanent and irreversible, the evidence presented in 
.^.^Wis volume is reassuring. At appropriate times, the research 
indicates^ stimulation will produce a change for the better. 
Because of this strong relationship between the brain and the 
stimulation it is given, many of the authors state directly that 
collaboration of educators and= brain scientists in research and in . 
practice is essentiaK^' (p. 372) ' / ^ ^ 

Articles by Kinsbourne and Hiscock entitled "Cereberal^Lateraliza- 
tion and Cognitive Development" and by Rita Rudel,** entitled "Neuro- 
plasticity: Implications for Development and Education", both take up this 
themeJ ..Herman Epstein elites th'e area of learning disabilities as the 
most important new frontier for neurophysiplogy. New techniques in EEG use 
offer promising new insights, according to Epstein, 

Tne question of brain plasticity is particularly important* One inter- 
pretation of left/right brain studies stresses that thought, ^mfflnory, and 
learnii^g seem to be network functions* They bridge various areas of the brain 



*Chall'and Mirskyi Education and The Brain , op, cit, 
**in Chall and Mirsky, op* cit. 
***in personal communication to authors. 



rather than remaining localized functions. To be sure, the brain tends to 
specializi, as do all highly complex systems. But the particular ways in which 
it specializes seem to vary across Individuals, 

Neuroplasticity suggests that different points in the brain can take on 
new functions 1f necessary- According to Karl Pribram, "within any (brain) 
system and to some extent between (brain) systems i the laws of mass action and 
equipotent i al ity hold,"* This means that unless a brain lesion 1s massive,- 
It will not necessarily have long and lasting specific effects. Further, by 
referring to "equ1potent1ality", Pribrarn means that remaining healthy brain 
tissue can often take up the function of ti^ssue that has been damaged or 
destroyed. *One cannot jump to the conclusion that a high percentage of those 
afflicted wth brain damage 'can develop as though nothing has occurred.** ,^ 
Rather, it indicates that for many learning disabled children the plasticity 
of the brain alViid with appropriate remedial interVehtlon will permit 
considerably richer development than would be the case were the brain not so 
flexible^ in its functioning. What would be useful for educators to explore, 
in this' regard, are new insights into "appropriate remedial intervention" that 
can be suggested by neurophysiologists such as Marcel Kinsbourne (see des- 
cription on page IS) and perhaps Dr. Peter Fuller (note mention on page 
30). . - ' ' 



*Karl Pribram, "The Functional Role of Muscle Spindles Facts and 
Hypotheses", Brain, 1975, Vol. 98, pp, 581-86. 

**For Insight ,into the intricacy involved see Rita G. Rudel, "Neuroplas* 
ticity: Implications for Development and Education", from J. Chall and^^ 
A. Mirsky Education and the Brain , University of Chicago Priss, 1978, pp. 
269-307. 



Nutrition: Renewed Interest in the Impact of Improper Nutrition " . ^ 
on Learning and Behivior ^ . ^ 

Essential to maximizing learning potential is proper brain growth 
and functioning, and essential to both of these is proper nutrition. A 
growing awareness of this need has led to increasing attention by many to the 
deleterious effects on learning of inadequate and/or improper nutrition. 
Inadequate nutrition and its effect on learning has been recognized in 
Third World countries for many years; now improper nutrition Is, being vievyfid 
with increasing alarm in developed countries like the United States and Qther 
nations where so-called "junk foods" may exacerbate problems In learning 
capacities* . ^« 

The research work on nutrition, brain development and functioning, 
and learning and behavior is extensive. To assess it properly would require a 
report at least equal to this survey on brain sciences,., Since the constraints 
of the present project did not permit the necessary review, we present only 
several comments here. These are intended to alert educational pol icy makers ^ 
to the renewed pol it leal interest in nutrition as well as to the .existence of 
extensive research work , ; 

The literature on nutrition and aducation, already ^largej Is growing. 
A recent Issue of the Teachers College Record , summer 1980, Vol. 81, no, 
4 is devoted to "Learning and Eating* The New Nutrition Education".. Other 
relevant representative articles are: 1. Ashern and M,D, James, "De^leterious 
Effects of Chronic .Undernutrition on Cognitive Abilities", journal of Child 
Psychology and Psychiatry , vol.. 19' (1), 1977 pp. 23-31; Monckibefg, F. et a1. 
"Malnutrition and Mantal Developmtnt" , American Journal of the Clinical 
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Nutrition no. 2S, 1972 pp. 7U-77Z\ and Scrimshaw, N.S, and Gordon, J,E. 
Malnutrition, Learning and BehaviD r, Cambridge, Mass: M.I,T. Press, 

At the same time that the research is expanding, public interest and 
controvtrsy over nutrition is growing* A burgioning interest in the rela- 
tionship between diet and such "disorders" as h^Tperactivity (a catchall 
Classif icat ion), childhood depression, etc. has been the subject of a number 
of publications directed at the general public. Furthermore, the Congress, > 
motivated by the -^skyrocket-ing-costs" of- m care,- has become sufficiently 

interested in proper nutrition that it may stimulate new research and de- 
velopment in the area of nutrition education /' We think It Is reasonable to 
expect expanded interest and activity during the 19Ms in research that- relate 
nutrition, human development ( including' its physical, neurophysiological and 
cognitive components) and education.- 

There are likely to be many direct impl icat ions and^ programs resulting 
from this growing Interest in nutrition. Most obviously^' it augers for new 
curriculum materials and teacher training in areas like nutrition education 
and health. It may also cause reviews* and restructuring of school lunch 
programs and lead to efforts to curtail or restrict sales'of "junk food" on 
school premises. 

In addition there may be efforts to target particular populations who may 
be suffering from chronic n'nadequate nutrition. For example, in "A Proposal to 
Provide Expanded Nutrition Counseling Services for Disadvantaged Urban Adoles- 
cants" (1980); the staff at "The Door" of thi International Center for 



*Such as mandated by the National School Lunch Act of 1946, passed "to 
safeguard the health and well-bfing of our children". 
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Integrative Studies recommends programs to increase adolsscents' knowledge of 

■ . ' \ 

the principles of nutrition and to establish a greater concern and sinss '^^ 
of self-responsibility for their own. bodily and mental wen-biing* \ 
There is great room here for some innovative thinking about how programs such 
as this tould be made part of the standard secondary school experience, and 
where appropriate, taught in vocational schools. 

The Brain: Two Halves or One Whole? ^ 
Implications for Holistic Education 

• . For educators, one of the most important implications of brain research 
and especially of left/right brain • stud ies is that teachers need to focus 
afresh on the WHOLE learner. By viewing the brain as one whole rather than 
separate halves, an emerging concept of "hoi i stic education" becomes possi- 
ble. While still the subject of considerable disagreement^"^ Increasing numbers 
of scholars^ are beginning to interpret cerebral ^lateral 1pt ion in this inte-, 
grated way. 

Most" people stil 1 think about this research In terms of the dichotomy 
between left and ri.ght hemispheres. Many claim that one side (usually 
the left) receives greater attention than the other, and that rel atlvely 
speaking the right side is "neglected". Titles of articlss and books, such 
as "Educating for Both Halves of the Br ain" or .Drawing on the Right Side 
of the Brain may also reinforce a tendencyto think of polar opposites. 
One implication of the "polar opposites" view is to search for ways to 
develop, or remediate, whichever side' is . "underdeveloped" . This remedial 
approach is^ 1 imited in two important w^ys . 

First, we still lack adequate descriptions about what each hemisphere of 



thi brain does. For exampli, tht two sidis are sometimes referred to as 
"verbal" for the left hemisphere and "imagistic" for the right. Yet, in 
actual ityj the, right hemisphere has some language capacity and both hemis- 
pheres process images. What may differ is not so much what they process as 
how they process. J,E. Bogen has suggested techn ical terms ''for clarifying 
this issue: He caTls the process of the left hemisphere "propositional" and" 
the process of the right hemisphere "appos1t1onal" ,* . . 

A second problem with the remedial approach 1s that differences across 
"Individuals vary considerably. Identifying such differences through stan- 
dardized testing may lead to labelling some people inadequate because they 
fall to conitprm to certain standard patterns * Should- such tendencies occur^^ 
the resulting stereotypljig may be more costly in its effects than any benefits 
accruing to individual learners. 

The alternative — and a more accurate and productive one in our opinion 
Is to^ stress the interdependence of the two-halves of the brain; and ^ 
therefore to search for ways that integrate the f unct loning bf the two into 
some higher order. Using ^this, integrative interpretation of left/right brain 
research leads naturally to consideration of activities wHich may be thought of 
as "holistic education", 

Merlin Wittrock addresses this issue: 



*The term proposit ional characterizes a process which tends to nOTe^ 
catsgorize and. sequence . information. The term "appositlohaV Is best des- 
cribed as' "gestaVt oriented", or simpjy "not proposltlonal". In Betty 
Edwards' work apposi tional ity amounts to being able to process Information in 
a way that allows the drawer to see things afresh in an unnMsd uncate- 
gorlied way. One; advantage of the terminology "proposit Ional " and "apposi- 
tional" is that they avoi'd pre-existing notidns associated with terms like 
"intuition and emotion", ' 



"Bifore beginning the review of empirical studies of hamisphir- 
ic brain ^.processes, I wish to imphasize that the cortical himispheris 
Qverlap greatly in abi lity function and are richly connected with 
each other through the. cerebral commissuris and other tissuis . 
the so-called dichotomy betwien the hemispheric functions probably 
results from a slight- advantage one strategy has over another 
strategy which Ts sufficient to produce specializations of some = 
functions • , » The brain also specializes within each hemisphere 
as well as across hemispheres..^ No dichotomy of function does 
justice to the sophistication and complexity of the human brain." 



and again 



"(R)esearch . , . Indicates the importance of understanding 
that people process information in different and muUiple ways .which 
may interact with one another . , , the art of teaching needs to 
devise sophisticated ways to faci 1 itate the multiple processing 
systems of the' brain. , . . In matching teaching methods to appti- 
tudes and processes^ there is the issue of which mode should be 
[used]/ Instruction may often be better when multiple modes are. 
used--not just the learner* s dominant mode."* 



*M.C, Wittrock, "The Generative Processes of Memory" in The Human 
■Brain, ^ pages 66 and 179-180. ' i " 
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Lists of dichotomies ^-uch as those offerid by Joseph Bogen and Betty 
Edwards can all bt satn as parts to be creatively integrated in a htfl istic 
approach to mental functioning and learning. This is the underlying assump- •-■ 
tion in the presentation of such lists. Further, it matters mofi that these 
dichotomies have the 'power to attract and motivate people than whether or not, 
thiy accurately reflict proposltional and appositional functioning of the left 
and right hemispheres of the brain^-which, in fact, many of them do- not,* 

. ' ' ' a . • . 

■ , Paranel Ways of^Knowing ^ 



intellect 


intuition 


convergent 


divergent 


digital 


. analogic 


secondary 


priinary 


abstract 


concrete 


directed 


free ^ 


^ proposi tional 


imag inati ve 


analytic 


* rel at ional 


lineal 


nonlineal 


rational. 


intuitive 


sequential 


' multiple 


analytic. 


hoi istic 
subjective 


objective 


successive.. 


simultaneous 



Sourcei J.E. Bogen 



*A few caveats about such lists are in order here. First, we refer back 
to the section on Sex Differences and reiterate thi notion that there is no 
left/right "duality of consciousness in the brain." Second, the question of 
such lists and dichotomies has become so widesprtad that Psychiatrist David 
Gal in has issued a warning against "dichotomania" . Third, critical perusal of 
such lists raise's many questions about why particular phenomena are listed 
where they are For example, synthetic thinking certainly can be Identified 
■ as a step in analytical .thinking as it is employid in dialectical anaylsis and 
General System Theory. ' 



A Comparison of Left-Modg and Right-Mode Characcerisiics 



- .MODE 



N'erbah Using words to name, describe, de- 
fine. 

Analytic : Figuring things out step-by-itep 
and part-by-part. 

S\'mboiic i Using a lymbol to stand for some- 
thing. For example, the drawn form ^> 
stands for^'^, the sign + standi for the ^ 
process of addition. 

Abstract : Taking out a small bit of informa- 

^ tion and using it to represent the whole 
thing, 

Temporal : Keeping crack of time, lequencing 
one thing after another: Doing first things 
firit, second things second, etc. 

Rational : Dra%^Mng conclusions based on rmon 

zndfacts. ^ 
Digital: Using numbers as in counting. 



Logical : Draw ing conclusions based on logic: 
one thing following another in logical order 
— for example, a mathematical theorem or 
a well-stated argument. 

Linear : Thinking in terms of linked ideas, one 
thought directly following another, often 
leading to a convergent conclusion. 




- MODE 



Nonverbal : Awareness of things, but minimal 
connection \^ith words. 

S ynthetic : Putting things together to form 
. wholes* 

Concrete :^Relating to things as they are, at 
the present moment. 



Analngic : Seeing likenesses between things; 
understanding metaphoric relationships* 

Kontemporal : Without a sense of time. 



Nonrational : Xot requiring a basis of reason 
or facts; svillingness to suspend jud^ent. 

Spatial : Seeing where things are in relation to 

other things, and how parts go together to 

form a whole. 
Intuitive : .Making leaps of insight, often based 

on incomplete patterns, hunches, feelings, 

or visual images. 

Holiitic : Seeing whole things all at once; per- 
ceiving the overall patterns and stnictures, 
often leading to divergent conclusions. 



Source: Betty Edwards 



Looking carefully at these lists, one does not need to know much about 
brain research in order to recognize that integration would be desirable in 
the service of full human development and functioning. Perhaps it is most 
reasonable to read 1n all this a crying out for more holistic models, for 
greater awareness of the whole human being as learner, and for more holistic 



and intagfative goals and strategies for educational practice and for richer, 
more stimulating learning environments, 

--Xal Is for- more- holistic educ are likely to continue and intensi- 

fy over the next decade. One cannot help being impressed by the vitality of 
the holistic health movement which has arisen as people have begun to recog- 
nize the limits of the medical model. We suggast that the basis for a similar 
movement in education exists and that such a movement has already been emerg- 
^ ing for some time. . - 

For a variety of reasons, however, this assessment may be overoptimis- 
tic. Perhaps the most sobering sign that such thinking is likely to remain on 
the margins of educational thought is the persistent vitality and wide-spread 
acceptance of the back-to-basics movement. Nevertheless , we regard much of 
the interest In the left/right brain model as reflecting tie cohtinuing 
emergence of the value of holism since the middle l960-s (With the rise of 
the ecology movement more generally and the affective movement In education) . 
This continuing emergence Ms likely to have an even more pov/erful impact on 
educationaT practice than the brain research be associated with it. 
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V. APPENDIX . . .. - - - 

Abstract of Key Articles 
Describing Research in 
the Brain Sciencis 



Included in this section of the notebook are several articles 

whichi taken together, provide a good overview of neurophysiology and its 
relation to learning and education.. ' 

The first article ■ ^ 

Timothy J, Teylor, "An Introduction to' the 

Neurosciences'' from M,C* Wittrock et al. 

The Human Brain ^ Prentice Hall, 1977^ pp. 3-37 

provides an illustrated introduction to the anatomy^ chemistry^ and physiology 

of the brain. He emphasises the brain's structures and functions, including 

arousal I motivation, learning and memory^ in a manner that 1s accessible to 

non-experts and 'relevan.t to the interests- of educators , 

The second article is by 

MerTin C* Wittrock, "Learning and the Brain'% 
from.M.C, Wittrock, editor, The Brain and ' . ' 
Psychology , Academic Press, 1980, pp. 371-403, 

Wittrock is an educational and cognitive.psychologist whose primary interests 

are in cognitive processes of learning. and memory, and in the relation between 

these and brain functioning. His work Is notable for its inclusiveness and 

even-handed treatment of a wide variety of reltvant risearch* 
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■ , ' The 'article by' 

Marcil KinsBourne and Merrill Hiscockj 
4 "Certbral Lateralization and Cognitiva 

Devil opment" 4 trom Jsanne S, Chall and 
Allen Mirsky^ Education and the Brain , - 
University of Chicago Press7~197arpP^ 169-222 

provides an excellent and comprehensive review and evaluation of the litera- 
ture of left/right 1 ateral izat ion as it relates to cognitive functioning and 
learning disabilities. It is a carfeful analysis which points out many of the 
contradictions, and competing hypotheses in the research. 

The fourth article - 

' ^ Susan Leigh Star, "Sex Differences and the\ 
, / Oichotomizatiqn of theBrain: Methods, Limitsv- 

and Problems in Resarch on Consciousness" from \ 
Ruth Hubbard and Marian Lowe^ editors, x 
Genes and Gender II: Pitfalls in Research on ^ \ 
Sex "and "Sender , N,Y,, Qordian PreVs, T9"79, pp, U3-130\ 

has been referred to extensively in our section on sex differences in left/ 

right brain research. Her whole article bears reading not only as a careful 

and articulate feminist critique of research and hypotheses, but also as a 

picture of the Important; rej at ionship beween the hypotheses and cultural < 

stereotypes, a relationship which is mostly overlooked in other .1 iterature. 

The art icl a by 

Rita Rudel, "Neuroplast icityr Implications for 
Development and Education"^ from J. Chall and A. Mirsky, = 
Education and the Brain , University of Chicago Press, 
1978,""ppr 269-307 

is included because the concept of brain plasticity is at least as important 
as that of lateralization and probably more so in relation to learning disa- 
"billtles related to brain damage and dysfunct ion-^whlch, In turnj are areas 




of educational practice to which niurophysiological research may make its 

forefnost contributions* 

The final article is by 

Jeanni S. Chall and Allan F, Mirsky, 
"The Implications for Education", from 
Education and the Brain (same authors), 
UnTversity of Ch-icago Press, 1977, pp. 371-378 

\ / 

is included because it briefly and usefully summaries the conclusfons 
from their edited book, which was the seventy-seventh yearbook of the national 
society for the study of education. It is cited by many as the book on the 
brain most relevant to educators. 

, It is followed by a Glossary of relevant terms prepared by 

Kenneth J, Talbot, -from M,C, Wittrock, et al , 

The Human Brain , Prenitice Hall, 1977, pp. 185-207. 
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